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In humans, the ability to perceive the motions of other animate
creatures has been extensively studied and shown to be surprisingly
robust. Typically, the study of biological motion has involved using
point-light displays that reduce human movement to a small
number of moving points placed on the joints. Using this technique
Johansson (1973,1976) showedthatwhen thesepoint-lightdisplays
were presented as static frames observers were unable to identify
the stimuli. However, when presented dynamically observers
immediately recognised the stimuli as representing a human being
and could readily identify complex actions. Later research has dem-
onstrated that an extensive number of person properties can be
gleaned from these stimuli, including the identity of the actor
(Cutting & Kozlowski, 1977; Hill & Pollick, 2000; Jokisch, Daum, &
Troje, 2006; Loula, Prasad, Harber, & Shiffrar, 2005; Troje, Westhoff,
& Lavrov, 2005) the gender of the actors (Barclay, Cutting, &
Kozlowski, 1978; Jordan, Fallah, & Stoner, 2006; Kozlowski &
Cutting, 1977, 1978; Pollick, Kay, Heim,& Stringer, 2005; Troje, Sadr,
Geyer, & Nakayama, 2006), the emotion of the actors (Clarke,
Bradshaw, Field, Hampson, & Rose, 2005; Dittrich, Troscianko, Lea,
& Morgan, 1996; Pollick, Paterson, Bruderlin, & Sanford, 2001) and
also the nature of the actions being carried out (Dittrich, 1993).
Although the information available in point-light displays sup-
ports the recognition of a variety of person properties, the percep-
tion of these displays seems particularly affected by temporalll rights reserved.
y), david@psy.gla.ac.uk (D.R.
.gla.ac.uk (F.E. Pollick).manipulations in the local motions of the individual joints that re-
sult in disrupted phase relations between the points on the walker
(Bertenthal & Pinto, 1994; Grossman & Blake, 1999), and by play-
ing the motion abnormally slowly (Beintema, Oleksiak, & van We-
zel, 2006). However, provided the phase relations between the
points are preserved and played at a biologically plausible speed,
the perceptual system’s ability to detect biological motion is sur-
prisingly resistant to distortions of the walker or the embedding
of the walker in noise. For instance, limiting the lifetime of the
points on the walker or displacing them to points on the skeleton,
as opposed to joint locations, barely diminished observers’ recogni-
tion of point-light walkers (Beintema & Lappe, 2002; Mather, Rad-
ford, & West, 1992; Neri, Morrone, & Burr, 1998; Pinto & Shiffrar,
1999). Furthermore, masking the motion of the points using ran-
dom dynamic noise dots, which is one of the most widely used
forms of masking, still does not greatly reduce the impression of
a human walkers (Bertenthal & Pinto, 1994; Cutting, Moore, &
Morrison, 1988; Ikeda, Blake, & Watanabe, 2005) unless they are
used in combination with disruptions in the phase relations be-
tween the joints (Hiris, Humphrey, & Stout, 2005). Masking the
walker in this way renders local motion cues ineffective for detect-
ing biological motion or discriminating the direction of motion,
forcing the perceiver to rely on global or conﬁgural cues. Even
when the masking dots contain local motion signals identical to
those of the walker, large numbers are required to diminish the
impression of a human walker (Thornton, Pinto, & Shiffrar, 1998).
As would be expected, spatially scrambling the local motion of
the joints to new locations produces a decrease in performance on
direction discrimination of locomotion in point-light walkers (Troje
& Westhoff, 2006). These disruptions in conﬁgural information re-
sult in the loss of the perception of global structure from motion
2504 L.S. McKay et al. / Vision Research 49 (2009) 2503–2508and reduce the walker to its unordered local motion components. It
is argued that this breakdown in conﬁgural information is also
responsible for the apparent inversion effect seen in biological mo-
tion processing (Bertenthal & Pinto, 1994; Pavlova & Sokolov, 2003;
Sumi, 1984). Perception of inverted point-light walkers is impaired
relative to upright walkers and is independent of the location of the
source of gravity (Shipley, 2003; Troje, 2003). However, despite this
inversion effect, preservation of certain elements in the display en-
hances performance in the task. Troje andWesthoff (2006) demon-
strated that evenwhen all points but the feet are inverted, observers
were still able to accurately discriminate the direction ofmotion of a
point-light walker embedded in a static limited lifetime mask. Fur-
thermore, this effect persists even when the walker is scrambled,
although to a lesser extent, arguing for a diminished role of conﬁgu-
ral cues and a more specialised mechanism that is tuned to the mo-
tion of the feet and their relation to gravity.
Although it has been demonstrated that local motion cues alone
seem to be able to provide a large amount of information about the
direction of locomotion of point-light walkers (Troje & Westhoff,
2006), there have been a number of studies that, using a variety
of techniques, have shown the importance of conﬁgural cues in bio-
logical motion perception. For instance, detection and direction dis-
crimination of point-light walkers seems to be preserved in the
absence of local motion cues, such as in the case of the limited life-
time displays used by Beintema and Lappe (2002). In these displays
points are randomly selected andmade visible on thewalker for be-
tween two to eight frames before disappearance and replacement
by another point. As such, in displays where the lifetime of points
is short, such as two or three frames, there is little or no consistent
local ‘‘imagemotion”. However, observers are still able to recognise
the signal as a humanmoving ﬁgure with performance comparable
to that with classical point-light stimuli (Beintema & Lappe, 2002).
Bertenthal and Pinto (1994) demonstrated that evenwhenmasking
noise was made up of arm and leg components, participants were
able to detect whether a walker was present or absent in a display,
suggesting that global form information may be processed prior to
local conﬁgural elements. In support of this, Pinto and Shiffrar
(1999) showed that detection of a walker was impaired when the
four limbs were randomly positioned in the same walker space as
an intact walker, though performance was still above chance as
foundwith other scrambledwalkers (Troje &Westhoff, 2006). Pinto
and Shiffrar also compared detection of point-light walkers in vi-
sual noise when certain subsets of points were omitted with intact
upright and inverted walkers. They found that omission of the cen-
tral elements of the display (shoulders and hips) resulted in drastic
drops in detection of the walkers in dynamic noise masks. Further-
more, detection was not impaired relative to the intact upright
walker when the extremities (wrists and ankles) were omitted. This
suggests that the central trunk of thewalker ismore important than
the extremities in detecting walkers in noise. Mather and Murdoch
(1994), however, found that in a direction discrimination task, the
omission of the extremities proved to be the more detrimental con-
dition. These ﬁndings together suggest that different tasks call upon
different conﬁgural properties of the point-light walkers rather
than individual local elements. Most studies on conﬁgural process-
ing in biological motion have however, used large numbers of
masking points to disguise the walkers structure.
In addition to the behavioural evidence on the role of conﬁgural
cues, a number of recent models have had considerable success in
modelling processes involved in biological motion using a combi-
nation of conﬁgural cues and global motion without a need to re-
sort to local motion. For instance Lange and Lappe (2006) have
developed a model of biological motion processing based on exist-
ing knowledge of template cells that respond to static postures.
The model assumes two stages, one in which the static posture
information is sequentially captured by the template cells, thoughwith no knowledge of the temporal order, and a second stage in
which the global motion is analysed by explicitly analysing the
temporal order for a set of selected frames. Not only is the model
neurally plausible, but Lange and Lappe also claim that the model
can explain how biological motion processing is achieved in the
presence of interfering noise. Furthermore it seems feasible that
such a system would be able to deal with the limited lifetime dis-
plays of Beintema and Lappe (2002) and also explain why some pa-
tients with severe bilateral lesions of MT are capable of seeing
biological motion but are unable to integrate low level motion
(McLeod, Dittrich, Driver, Perrett, & Zihl, 1996; Vaina, Cowey, Le-
May, Bienfang, & Kikinis, 2002). If these models are correct, then
it would be expected that tasks such as direction discrimination
should be greatly enhanced by the inclusion of conﬁgural informa-
tion and would not rely on sub-conﬁgurations or local motion cues
to perform tasks such as detection and discrimination of point-
light walkers. In support of these models single cell data from
monkeys has shown that there are two distinct groups of neurons
in the temporal lobe that are selective for static form and motion
(Vangeneugden, Pollick, & Vogels, 2009). They found motion selec-
tive neurons in the upper fundus of the STS and snapshot neurons
(Giese & Poggio, 2003) which were selective for static postures in
the lower fundus of the STS and the inferior temporal convexivity.
Furthermore, fMRI studies in humans have revealed that the hu-
man extrastriate body area and fusiform body areas seem to acti-
vate to static images of human postures while areas such as the
STS are selective to moving biological displays (Grossman & Blake,
2002; Jastorff & Orban, 2009; Peelen, Wiggett, & Dowling, 2006).
The present study set out to use novel point-light stimuli to
examine the speciﬁc contribution that conﬁgural cues made to
the perception of biological motion in a direction discrimination
task. These novel stimuli used only the 15 points of a point-light
walker and varied the amount of conﬁgural information present
by dividing them into two subsets. The target subset maintained
their original joint locations but were accompanied by dynamic
noise that was made up of the remaining points. These non-target
points were scrambled to new locations and had their trajectories
ﬂipped across the horizontal axis. This ensured all displays had
equivalent local motion information and varied only in the amount
of conﬁgural information present. A second condition was used in
which both sets of points were scrambled in space and had oppos-
ing trajectories; essentially both signal and noise lacked any conﬁ-
gural cues. Although the technique does not exclude the option of
manipulating the temporal phase relations between the joints, we
chose not to do this in order to examine the speciﬁc effect of manip-
ulating the conﬁgural information. Participants were asked to judge
the direction of motion of the walker and we expected that when
conﬁgural cues were present accuracy would be higher and perfor-
mance would improve more sharply. In addition, we modelled the
probabilities of certain sub-conﬁgurations being present in the sig-
nal point group in the conﬁgural cues present condition to deter-
mine whether these could predict the pattern of results we found.2. Methods
2.1. Participants
Eleven female and ﬁve male undergraduate students (Mean
age = 22.4) consented to take part in the experiment. All had nor-
mal or corrected to normal vision.2.2. Experimental design
The task took the form of a two alternative forced-choice direc-
tion discrimination paradigm with two conditions: conﬁgural cues
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els in each condition, which were the number of signal points
shown (1, 3, 5, 7, 9, 11, 13, and 15). The number of noise points al-
ways equaled 15 minus the number of signal points, ensuring that
all stimuli comprised a total of 15 points. There were 20 trials per
stimulus level in both conditions giving a total of 320 trials per
person.
2.3. Stimuli generation
Stimuli were presented on a CRT monitor with a resolution of
1280  1024 pixels, on a display size subtending 20.4 of visual
arc by 15.36 with a refresh rate of 60 Hz at approximately 1 m
from the participant. Point-light stimuli were generated from an
existing motion capture library (Ma, Paterson, & Pollick, 2006)
and displayed and manipulated within the experiment using the
Psychophysics Toolbox for MATLAB (Brainard, 1997; Pelli, 1997).
The translational motion of the walker was subtracted from the
displays so that the walker appeared as if it was walking on a
treadmill. Each stimulus was presented for 60 frames (1 s) and
showed a full gait cycle. The point-light walkers were scaled to a
height of 200 pixels with the resulting ﬁgure subtending a visual
angle of approximately 3.02  1.32 and consisting of white dots
on a black background. The points light walkers were randomly jit-
tered horizontally and vertically within a window subtending a vi-
sual angle of 5.43  3.70. The starting frames of the displays were
at the points of minimal distance between the wrist and ankles.
This was done as, in experiments without large additional noise
masks, this point in a display contains the least amount of conﬁgu-
ral information making it more difﬁcult to discriminate scrambled
displays from intact displays (Thirkettle, Benton, & Scott-Samuell,
2009), which was important in this study in order to minimize
any perceptual difference between the conditions other than those
of experimental interest.
2.3.1. Conﬁgural cues present
Walkers consisted of 15 points and were split at random into
two subsets; signal points and noise points. Those in the signal cat-
egory were selected randomly from the 15 walker points and
maintained their existing joint locations and trajectories. The
direction of motion of the signal points was randomly varied be-
tween leftward and rightward motion. Those points not selected
as signal points were spatially scrambled at random to new, avail-
able joint locations. Furthermore, the trajectories of the noise
points were ﬂipped along the horizontal axis. The resulting dis-
plays therefore, had two opposing motion signals, one that pre-
served conﬁgural information (signal points) and another thatFig. 1. The ﬁrst panel depicts the 15 points in a static ﬁrst frame of an unscrambled poin
original starting trajectories in red. The last panel shows where each of these points is
ﬂipped (gait and stance have been exaggerated for clarity).contained no conﬁgural information (noise points). As all points
came from the same walker the local motion signal contained in
every display was the same, only the quantity of conﬁgural infor-
mation and direction of motion was varied between trials. See
Fig. 1 for an illustration of the technique and the supplementary
data for examples of the stimuli.
In the speciﬁc case in which there was only 1 noise point, and
hence no other available location to be moved to, the point had
its horizontal coordinate inverted and its trajectory ﬂipped as with
all other noise points in other conditions. As such, although not
scrambled to a new joint location it was still scrambled in space
and provided an incorrect motion signal relative to the signal
points. Beyond 1 noise point the number of possible conﬁgurations
increases exponentially. For instance, in a condition in which there
are 3 noise points, given that these noise points can be any of the
15 points at random, there are 2184 possible conﬁgurations of
these points and by 5 noise points, there are 240240 possible
conﬁgurations.2.3.2. Conﬁgural cues absent
In the conﬁgural cues absent condition the generation of the
noise points was exactly the same. However, the signal points were
also scrambled to new, free locations but maintained their original
trajectories. This produced stimuli with two opposing motion sig-
nals with no conﬁgural information present in either subset. Thus
the only difference in the signal subset between conditions was
whether the original joint locations had been preserved or not.2.4. Procedure
Each participant was instructed to view point-light walkers on
the screen. Upon the completion of each stimulus presentation
the participant was required to decide whether the walker on
the screen was moving from left to right or from right to left using
the arrow keys on the keyboard. A correct answer in the conﬁgural
cues present condition was considered to be when the participant
chose the direction of motion of the points with preserved trajec-
tories and joint locations. In the conﬁgural cues absent condition
a correct answer was operationally deﬁned as when the participant
chose the direction of motion of those points that had preserved
their original trajectories, in essence the direction of locomotion
of the original point-light display. This preserved a scale of propor-
tion correct allowing a direct comparison of performance in both
conditions on a scale of 0–1, which would not have been possible
with other deﬁnitions of ‘‘correct” such as the direction with the
most overall energy.t-light walker. The second panel shows the points that are to be scrambled and the
scrambled to and the resulting direction of motion after the trajectories have been
2506 L.S. McKay et al. / Vision Research 49 (2009) 2503–2508Each participant completed a set of practice trials displaying
several levels of stimuli from both conditions. Once a participant
had completed these and were comfortable in the task, the main
experimental blocks commenced. In both conditions each of the
eight stimulus levels were presented once in each of the twenty
blocks giving 160 trials per condition. Which condition each partic-
ipant saw ﬁrst was counterbalanced to remove any possible order
effects. The experiment took just over 30 min to complete.3. Results
The proportion of correct responses was calculated for each le-
vel of stimuli in both conditions for all participants and the data
were ﬁtted with a cumulative Gaussian using the psigniﬁt toolbox
for MATLAB (Wichmann & Hill, 2001a, 2001b). Slopes and 75% cor-
rect thresholds were calculated for each participant and for the
group as whole. Two participants were excluded from the analyses
as they failed to reach the minimum performance criterions of 75%
correct threshold in the conﬁgural cues absent condition. Note
however that had the two participants been included the differ-
ence between the two conditions would have been larger.
Fig. 2 shows the ﬁts for the data averaged across the remaining
14 participants. As can be seen, slopes in the conﬁgural informa-
tion present condition (m = 0.088, 95% CI = ±0.006) are steeper than
in the conﬁgural cues absent condition (m = 0.056, 95%
CI = ±0.004). Furthermore the 75% correct thresholds in the conﬁ-
gural cues absent condition (m = 12.369, 95% CI = ±0.463) are high-
er than those in the conﬁgural cues present conditions (m = 7.748,
95% CI = ±0.272). T-tests on the combined data reveal that these
differences were signiﬁcant (slope t(13) = 7.155, p < 0.001; 75%
threshold t(13) = 8.732, p < 0.001).
Note also that in the conﬁgural cues absent condition perfor-
mance varies only between 20% and 80% correct. This is to be ex-
pected from the results of Troje and Westhoff (2006) as they
found that accuracy in a direction discrimination of a scrambled
point-light walker was approximately 80%. So in this experiment
when all points were moving in the target direction participants
responded correctly on 80% of trials, but when almost all the mo-
tion was in the opposite direction, participants responded correctly
only 20% of the time. This is also the reason that in the conﬁgural
cues present condition performance does not drop below 20% asFig. 2. Circles represent the data points from the conﬁgural cues present condition,
whilst the solid line represents the best-ﬁt cumulative Gaussian. Similarly, the
triangles represent the data points from the conﬁgural cues present condition,
whilst the broken line represents the best-ﬁt cumulative Gaussian. Error bars are
placed at the 50% and 75% thresholds. Dark boxes and lines represent 95%
conﬁdence limits and light boxes and bars represent the worst case conﬁdence
limits encountered during boot-strapping sensitivity analysis. (Wichmann & Hill,
2001a, 2001b).these displays are essentially equivalent between the two condi-
tions at 1 signal point.
3.1. Possible confounding sub-conﬁgurations
It is possible that a rule based decision making process based on
a sub-conﬁguration of points on the walker could account for the
pattern of performance seen in the conﬁgural cues present condi-
tion. For instance, if a shoulder, elbow and wrist in the correct loca-
tions were sufﬁcient to correctly judge the direction of motion then
it is likely that the proportion of trials on which these conﬁgura-
tions would occur could predict the proportion correct results.
Other potential sub-conﬁgurations that could inﬂuence direction
discrimination would be both feet being in the signal group or all
three leg points, or arm points, or indeed both arms and legs being
in the signal group. Such a strategy would be reliable only when
the sub-conﬁguration was present in the signal point category.
As such, it is possible to calculate the likelihood that a sub-conﬁg-






The critical issue here is the likelihood that these sub-conﬁgura-
tions are present in the signal subset of points. As the number of
signal points increases, so does the likelihood that any sub-conﬁg-
uration is present, and also the likelihood that larger sub-conﬁgu-
rations are present. Fig. 3 shows the probability distributions for
each potential number of points in a sub-conﬁguration for each le-
vel of signal points.
Had participants been consistently using a strategy based on a
speciﬁc number of points then the pattern of responses would fol-
low the patterns seen in Fig. 3. It is clear however that this is not
the case ruling out the use of any speciﬁc sub-conﬁguration.4. Discussion
The results presented above suggest that conﬁgural cues play a
crucial role in biological motion perception. The 75% correct
threshold was signiﬁcantly higher in the conﬁgural cues absent
condition than in the conﬁgural cues present conditions, indicating
that signiﬁcantly more points were needed to reliably judge the
direction of motion in the absence of conﬁgural information. In
fact, the 75% correct threshold is reached using approximately ﬁve
fewer points with conﬁgural cues than without. Furthermore, the
mean slope of the curve in the conﬁgural cues present condition
was steeper than in the conﬁgural cues absent condition indicating
that it was not merely the case that it was the number of points
that was important, but that each additional point placed in the
correct joint location improved performance far more than an
additional point placed in a random joint location.
In support of this, looking at the probabilities that any combina-
tion of points within the signal point sub-group form any speciﬁc
sub-conﬁgurations that could account for the results, it is clear that
the probability distributions shown in Fig. 3 do not match the pat-
tern of results observed in the behavioural data. Had participants
been consistently using a speciﬁc sub-conﬁguration, or set of
sub-conﬁgurations of points rather than the global conﬁgural cues
it would be expected that the behavioural results would be more
like the probability distributions than the pattern observed. Some
participants did report trying to use a strategy based on tracking
the feet or wrist but said that it became too difﬁcult given the short
displays and the lack of predictability in the position of the chosen
target motion. This makes it unlikely that simple local conﬁgura-
tions, such as the two feet being in the correct locations or all
Fig. 3. Probability of a sub-conﬁguration being present given  signal points. Different coloured lines represent sub-conﬁgurations of different numbers of points.
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the opposing local motion signals without the other signal points
that were outside the local conﬁguration. It may be therefore, that,
as proposed in recent models (Giese & Lappe, 2002; Lange & Lappe,
2006), there is some sort of template matching combined with
temporal analysis that is independent of any simple local motion
analysis or analysis of sub-conﬁgurations. Indeed, this would seem
to be borne out by some of the subjective reports of participants
who claimed that on some of the conditions, those in which there
was little or no true conﬁgural information, they had very occa-
sional impressions of such things as ‘‘hula dancers” or ‘‘upside
down rollerblading”, indicating what could be incorrect temporal
integration of biologically plausible templates.
This is not to say though, that there are not certain sub-conﬁg-
urations, or indeed local motions, that convey more information
than others. It seems likely that the feet and other extremities will
convey more information about locomotion than the shoulders or
head (Pinto & Shiffrar, 1999; Thurman & Grossman, 2008; Troje
& Westhoff, 2006). Moreover, it has been demonstrated that emo-
tions can be partially categorised using just the kinematics of the
arm movements (Pollick et al., 2001) and that these kinematic cues
can be sufﬁcient to determine emotion in the absence of form
information and temporal information, though poorly in compari-
son to when these cues are present (Atkinson, Tunstall, & Dittrich,
2007). There are also several studies that demonstrate the impor-
tance of hip and shoulder swing in gender categorisation (Johnson,
Gill, Reichman, & Tassinary, 2007; Mather & Murdoch, 1994). The
novel techniques devised for the current experiment may provide
a convenient way to examine these relations. It would be possible
to speciﬁcally manipulate which sub-conﬁgurations are present
within displays and examine the importance of each in different
tasks without the need to use large numbers of masking dots that
can differentially engage active and passive attentional mecha-
nisms (Thornton, Rensink, & Shiffrar, 2002; Thornton & Vuong,
2004) or alter phase relations between joints or limbs (Neri,
2009), which essentially disrupts or degrades the coherence of
the walkers.
These considerations are particularly important in fMRI studies
investigating biological motion processing. For instance Grossman,
Blake, and Kim (2004) found that there was a large amount of var-
iance in the number of noise points it took to mask a point-light
walker even with training, meaning that to test people at differentperformance thresholds required displays with differing levels of
noise points, and hence motion energy, in each display. The stimuli
used in this paper provide a means for testing participants at indi-
vidual thresholds without having to increase the overall motion
signal in the stimuli. This would also make them ideal stimuli for
examining sensitivity to biological motion in patients with MT le-
sions (McLeod et al., 1996; Vaina et al., 2002) and autism spectrum
disorders (Frietag et al., 2008; Herrington et al., 2007; Simmons
et al., submitted for publication).
In summary, the current experiment has shown that conﬁgural
information contributes signiﬁcantly to direction discrimination of
point-light walkers. Furthermore, this novel technique allows for
the masking of point-light walkers without adding large number
of noise dots or disrupting the coherence of the point-light ﬁgure
and will be useful in future behavioural and neuro-imaging inves-
tigations of the role of sub-conﬁgurations of points in biological
motion processing.Appendix A. Supplementary material
These are examples of the stimuli used during the experiment
for each stimulus level. The actual stimuli used in the experiment
were randomly generated and as such each clip below is only an
example of one of many different possible combinations of posi-
tions of the scrambled points. Supplementary data associated with
this article can be found, in the online version, at doi:10.1016/
j.visres.2009.08.008.
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